The reaction of £. coli 70S ribosomes with 0.2 M NaH 35
INTRODUCTION
The reaction of bisulfite ion with uracil and its derivatives to yield the corresponding 5,6-dihydrouracil-6-sulfonate (Scheme i) occurs rapidly under physiological conditions. O Scheme I
We have been interested in this reaction as a possible pathway by which sulfur dioxide inflicts biological damage.
Previous studies employing polyuridylic acid revealed that saturation of a uracil residue by bisulfite rendered that residue unable to base pair with adenine and interfered with the ability of the neighboring, unmodified residues to function as well. Loss of messenger function was accompanied by a less dramatic but progressive loss of ability to bind to ribosomes and to mediate the binding of phenylalanyl-tRNA to ribosomes with increasing per cent saturation.
Now we wish to report our findings concerning the effect of bisulfite treatment of intact 70S E_. coli ribosomes upon their ability to function in the in vitro protein synthesis system. We have also modified a natural messenger RNA, that of coliphage MS2, with bisulfite. As in the case of poly(U), a significant impairment of messenger function has been observed.
EXPERIMENTAL
Preparation of bisulfite-treated ribosomes - and these are not immediately susceptible to attack by bisulfite , an average of 33.6% of total uracil residues are available for reaction. Extrapolation of the experimental points suggests that the reaction would cometo equilibrium at 8.2% saturation of total uracil residues or approximately 25% of the available uracil residues. Destabilization of the secondary structure during the reaction could expose additional uracil residues to 32 reaction. The reaction was carried out on a larger scale with [ S] bisulfite as described. Both modified MS2 RNA preparations (2.7% and 6.2% substitutions of the uracil residues) were >90% intact and sedimented at 27S
as did untreated MS2 RNA; this suggests that bisulfite treatment did not significantly alter the secondary structure of the RNA.
RESULTS AND DISCUSSION
The modified ribosomes were tested for impairment of function at various stages in protein synthesis using both a synthetic messenger, poly (U), and a natural messenger, coliphage MS2 RNA. As seen from Table I, control treatment of ribosomes with NaCl-Na So has a negligible effect on their ability to function in all three assay systems with poly(U) as messen- (Table I , column 3). d. The deviation in percent activity for identical a**say* employing similar preparations of -nodified ribosonos averaged ab*"ut 3.01. Table I f. \ i -. l i r r r t r t r i t i J -r f rt'.erted to ->F rh" cnntrol value i f t e r 2 weeks a t 5°C.
g. The deviation in percent a c t i w t y for identical assays employing similar preparations of modified ribosomes a'.erased about 3,0".. cation does not affect the peptidyl transferase reaction (Table II, column 3). In contrast to the translation of poly (U), control treatment of ribosomes with NaCl-Na 2 SO 4 results in a marked decrease of MS2 RNA translation (Table II, We had previously shown that partial saturation of the synthetic messenger, poly(U), by bisulfite disrupted the ability of poly(U) to participate in several of the steps in protein synthesis in the E_. coli cell free system ' . The same conclusion can now be applied to bisulfite modification of the natural messenger MS2 RNA andrOf the ribosomes. In all three systems, the extent of depression of amino acids incorporation per amount of bisulfite saturation of the total RNA is roughly comparable.
Thus, in 2.6% saturated poly(U), amino acid incorporation was depressed 54% , in 1.7% saturated MS2 RNA, incorporation was down by 64%, in 0.7% saturated MS2 RNA, incorporation was down by 25% and in 1.1% saturated ribosomes, amino acid incorporation was reduced by 31%.
The microbial growth-inhibiting properties of sodium bisulfite have 18 long been known .
Epidemiological evidence has implicated sulfur dioxide (which is converted to bisulfite in aqueous solution) as a factor in a number of adverse effects of air pollution on the health of human populations 19 We believe that disruption of cellular protein synthesis is a plausible mechanism for these effects. The effect of the messenger RNA reaction, particularly, would be expected to be more serious In vivo than in our in vitro studies.
In the assay for incorporation of amino acids into protein, relatively short peptides are scored positively. ln_ vivo such fragments would be inactive. As the equilibrium constant for saturation of uracil by bisulfite is high, these effects should operate even at low concentrations of bisulfite. We are presently trying to verify our hypothesis in a bacterial system.
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